Objective: To examine associations between dietary intakes of fathers and their children at child age 20 months, 3·5 years and 5 years, and to determine if fathers' intake predicts change in children's intake between 20 months and 3·5 and 5 years of age. Design: The diets of fathers and their first-born children participating in the longitudinal Melbourne Infant Feeding Activity and Nutrition Trial (InFANT) Program were assessed using FFQ and three 24 h recalls, respectively. Setting: Sixty-two pre-existing first-time parent groups were selected from fourteen local government areas within a 60 km radius of Deakin University Burwood, Victoria, Australia. Subjects: Fathers and their first-born children at 20 months (n 317), 3·5 years (n 214) and 5 years of age (n 208). Results: Positive associations were found between fathers' and children's intakes of fruit and sweet snacks at 20 months (P = 0·001) and 5 years of age (P = 0·012). Fathers' intake at child age 20 months was associated with change in children's intake for fruit, sweet snacks and sugar-sweetened beverages between child age 20 months and 3·5 years, and for sweet snacks and sugar-sweetened beverages between child age 20 months and 5 years (all P < 0·05). After adjustment for maternal intake, fathers' intake of sweet snacks remained a predictor of change in children's sweet snack intake between 20 months and 3·5 years of age (P = 0·03). Conclusions: Associations between the dietary intakes of fathers and their children commence at a young age and continue through early childhood. Fathers should be included in future interventions aimed at improving children's diets.
The dietary intakes of many young children are considered suboptimal, with low fruit and vegetable intakes and high intakes of nutrient-poor, energy-dense foods (1, 2) . There is evidence that suggests this is the case even in children under the age of 5 years (3, 4) . Accumulating evidence indicates that poor dietary behaviours of young children often lead to overweight and obesity in later childhood and have adverse health consequences in adolescence and adult life (5) . Early childhood is a period when children learn about food and when their dietary patterns and preferences are formed (6) (7) (8) (9) . Consequently this period has a strong influence on lifetime dietary intake (10) (11) (12) . While the influence of parents on young children's diets is considered pivotal, few studies investigating parent-child dietary intakes have been undertaken in children under the age of 5 years (13) . Furthermore, research in this area is heavily focused on maternal influences and rarely considers the role of fathers (14) (15) (16) . A recent systematic review and meta-analysis by Wang and colleagues on the similarities between the diets of children and their parents found that only one-quarter of the twenty-four included papers contained father-specific analyses (13) . Of those, only one included children under the age of 5 years; that by Beydoun and Wang, who reported in a US sample of 1473 households that fruit intakes were correlated between parents and their 2-10-year-old children (17) . Similarly, Rasmussen and colleagues noted that just eleven of ninety-eight papers included in their review of the determinants of children's and adolescents' fruit and vegetable consumption considered fathers' fruit intake. All eleven papers reported results for both parents combined, with no father-specific analyses conducted, thus limiting the ability to fully assess any paternal influences separately (15) . Among the few studies pertaining to the relationships between children's and fathers' diets, Harris and Ramsey reported positive associations between African-American fathers' (including stepfathers and grandfathers) and their children's (3-13 years) intakes of fruits, vegetables and sweetened beverages (18) . Additionally, Robinson and colleagues reported positive correlations between the dietary intakes of fathers and children for fruit and grains (19) , while Hall and colleagues reported moderate to strong positive correlations between the dietary intakes of fathers and children for fruit, cookies and potato chips (20) . Both the Robinson and Hall studies were conducted among children of primary school age and in all the aforementioned studies the relationships reported did not adjust for maternal dietary intakes.
Although limited in number and scope, these studies collectively suggest that fathers' eating behaviours can influence their children's eating behaviours. Whether the diets of fathers and their children are independent of maternal influences is unknown. To address this evidence gap, the present study aimed to investigate the crosssectional associations between the dietary intakes of fathers and their children at child age of 20 months, 3·5 years and 5 years. It also investigated whether fathers' dietary intake is a predictor of the change in children's dietary intakes between 20 months and 3·5 and 5 years of age.
Materials and methods

Study design and sample
The Melbourne Infant Feeding Activity and Nutrition Trial (InFANT) Program was a cluster-randomized controlled trial undertaken within pre-existing first-time parent groups and has been described in detail elsewhere (21, 22) . Using a two-stage random sampling design, sixty-two firsttime parent groups were selected from fourteen local government areas (across areas of all socio-economic position) within a 60 km radius of the research centre (Deakin University in Burwood, Victoria, Australia). Groups that consented to participate were randomly allocated to either the intervention or control arm. Inclusion criteria were a minimum of eight parents in the groups consenting to participate (or six parents in groups situated in areas of low socio-economic position) and English literacy.
Exclusion criteria for the study included not first-time parents (n 14), single-parent families (n 8), father as main caregiver (n 1), same-sex couple (n 1) and families where fathers did not complete the baseline questionnaire (n 58). The sample available at baseline consisted of 460 fathers. Follow-up dietary data were missing for 143 to 252 fathers depending on the time point considered, thus the final sample consisted of 317 fathers at child age 20 months, 214 fathers at child age 3·5 years and 208 fathers at child age 5 years. To minimize the effect of missing data, analyses were conducted on the available sample at each time point.
The Deakin University Human Research Ethics Committee and the Victorian Government Department of Human Services, Office for Children, Research Coordinating Committee approved the Melbourne InFANT Program. All participants provided informed written consent.
Measures
Fathers' and mothers' dietary data were collected at baseline (child age 3 months) and at child age approximately 20 months, 3·5 years and 5 years using the previously validated (23) Cancer Council Victoria FFQ. This is an updated version of the semi-quantitative FFQ developed specifically for the Melbourne Collaborative Cohort Study (24) . Fathers and mothers were asked independently to indicate on average how often they had consumed ninety-eight food items over the preceding 12 months, selecting one of ten response options ranging from 'never' to 'three or more times per day'. An additional question was included in the FFQ relating to the amount of diet and non-diet soft drinks consumed (glasses/d). These data were then converted into daily frequencies according the Cancer Council Victoria protocol. Demographic and socio-economic variables included fathers' age, country of birth, marital status, employment status, education level and main language spoken at home. Self-reported weight and height data were collected, with BMI calculated as
2 . The dietary intakes of participating children were assessed by trained nutritionists over two or three non-consecutive days including one weekend day when children were approximately 20 months, 3·5 years and 5 years of age; three days of data were available for 97 % of the study sample. This was performed through a telephone-administered multi-pass 24 h recall with the primary caregiver (25, 26) . To assist in the assessment of foods and drinks considered difficult to quantify, purposedesigned booklets were provided to parents. The booklets included examples of measures and photographs of common portion sizes adapted to the child's age. Images of cups, spoons, bowls and drink containers were included in the booklets and were used with permission from the food model booklet produced for the 2007 Australian Children's Nutrition and Physical Activity Survey (27) . Dietary outcome variables assessed here were those reported in the primary outcome paper for the present study (22) . These included the average daily intake (in g/d for children and servings/d for fathers and mothers) of fruit (excluding juice), vegetables, non-core sweet snacks (e.g. chocolate, candy, cakes), non-core savoury snacks (e.g. potato chips, savoury biscuits), takeaway foods (reported as occasions/d for fathers and mothers), juices and sugar-sweetened beverages (SSB) (22) .
Statistical analyses
Linear regression analyses were used to assess crosssectional associations between children's and fathers' fruit, vegetable, non-core snack, juice and SSB intakes at child age 20 months, 3·5 years and 5 years. Linear regression was also used to examine the associations between fathers' intake at child age 20 months and change in child intake between 20 months and both 3·5 and 5 years of age. These models included child intake at age 20 months as a covariate in order to model the change (28) . As there were no differences in the dietary intakes of fathers between the intervention and control groups (29) , data from both groups were pooled at each time point. Further linear regression analyses of the change in mean intakes of fathers' diets indicated that fathers' intakes remained unchanged over time (P > 0·05). Primary analyses were adjusted for intervention status and clustering by first-time parent group, with additional analyses also adjusted for maternal dietary intake. Collinearity between mothers' and fathers' dietary intakes was assessed by calculating the variance inflation factor using the Stata command estat vif. Demographic variables were compared between responders (at child age 20 months) and non-responders (at child age 5 years) using t tests and χ 2 analyses where appropriate. The significance level was set at 5 %. Analyses were conducted using the statistical software package Stata release 12.
Results
Demographic characteristics for fathers participating in the present study at each time point are presented in Table 1 . Mean paternal age was 35·7 years at child age 20 months increasing to 38·9 years at child age 5 years. Mean paternal BMI decreased from 27·9 kg/m 2 at child age 20 months to 27·1 kg/m 2 at child age 5 years. English was the main language spoken at home with the majority of the sample born in Australia. At child age 20 months, 55·9 % of fathers were non-university educated, which decreased to 45·7 % at child age 5 years. The demographic characteristics of the fathers lost to follow-up at child age 5 years were not significantly different from those of fathers retained in the study other than for country of birth. A greater percentage of Australian-born participants were lost to follow-up between child age 20 months and 5 years (46 % v. 32 %, P = 0·03). Table 2 presents fathers' and children's dietary intakes.
In cross-sectional analyses, positive associations were found between fathers and children for fruit and sweet snack intakes at 20 months and 5 years of age, with the strength of the association for both variables increasing between both these time points (Table 3 ). The strength of the association also increased markedly between child age 20 months and 5 years for intake of vegetables, SSB and juices (Table 3) . Following additional adjustment for maternal intake, only the observed associations for fruit and sweet snack intakes at child age 20 months remained positive (Table 3 ). In further analyses stratified by child sex, the only association observed was between fathers and 20-month-old girls for fruit (results not shown). Collinearity between maternal and paternal intakes for fruit and sweet snack intakes was insignificant with a variance inflation factor of 1·09 and 1·08, respectively (30) . The mean variance inflation factor for all variables in each model was 1·06.
As fathers' intakes remained unchanged over time, fathers' intakes at child age 20 months were used as a potential predictor for change in child intake at child age 3·5 years and 5 years. Child intake at age 20 months was included in the model in order to model the change (Table 4) . Fathers' intake at child age 20 months was predictive of the increase in children's intake between 20 months and 3·5 years of age for fruit, SSB and sweet snacks. Fathers' intake at child age 20 months was also predictive of an increase in children's intake between 20 months and 5 years of age for SSB and sweet snacks. These associations were only mildly attenuated after adjustment for mothers' intake ( Table 4) . The relationship between fathers' intake and increase in child intake of vegetables and juices (but not fruit) was stronger at 5 years than at 3·5 years. No evidence of any association between fathers' intake and change in children's intake of savoury snacks and takeaway foods was observed at any time point.
Discussion
The current findings suggest that fathers' diets are associated with the early-life development of children's diets.
Our observation of cross-sectional associations between fathers' and children's fruit intakes at 20 months and 5 years of age supports findings from previous studies in older children. For example, Robinson and colleagues reported moderate positive correlations for fruit intake between Australian fathers and their children aged 8-12 years (19) , while Beydoun and Wang reported children's fruit intake was associated with parental fruit intake for both age subgroups analysed in their study of US families (2-10 years and 11-18 years) (17) . The associations between fathers' and children's fruit and sweet snack intakes were maintained at child age 20 months even when adjusting for maternal intake. Associations between the dietary intakes of both mother/ father and mother/child pairs have been demonstrated previously (15, 19, 31, 32) , and so the maintenance of these associations independent of maternal intake has important implications for the design and delivery of future family-based dietary interventions. Possible mechanisms by which fathers influence the dietary intakes of young children may be role modelling (9, 33) or food availability (15, 34) ; however, these mechanisms have been studied primarily in the context of maternal influences in older children, with more research required in the context of paternal influences in young children.
When considering fathers' fruit intake at child age 20 months as a predictor of the change in child fruit intake, our observation that it was associated with change in child intake between 20 months and 3·5 years of age adds to the current body of literature regarding the influence of fathers on children's dietary behaviours. Combined with the results from both the Robinson and Beydoun studies, our results indicate that the association between fathers' and children's fruit intake commences in early life. This association in very early childhood may also be predictive of the change in fruit intake throughout the pre-school years.
The observation that fathers' SSB intake at child age 20 months influences change in children's SSB intake between the age of 20 months and both 3·5 years and 5 years is important given that early-life consumption of SSB has been shown to be a strong predictor of SSB consumption in childhood (35) . Park and colleagues, in their analysis of 1333 US children, reported that a child's SSB intake during infancy significantly increased the likelihood of SSB consumption at age 6 years (35) . The consequences of SSB intake during very early childhood on later childhood have also been reported. For example, Pan and colleagues reported that obesity in childhood (at age 6 years) was 71 % higher in children who consumed SSB during infancy (36) . Additionally, a review by Zheng and colleagues described an association between SSB substitution with alternative beverages (milk and low-energy beverages) and long-term lower weight gain in children and adolescents between 8 and 18 years of age (37) . Coupled with the longitudinal relationships reported in both the Park and Pan studies, our findings suggest that fathers may provide a possible avenue for intervention with respect to SSB intake in childhood. For example, interventions could include a focus on reducing fathers' SSB intake prior to the establishment of early childhood dietary intakes. Additionally, in the case of children of primary-school age, interventions could focus on replacing fathers' SSB intake with suitable, lowerenergy beverages such as water.
Our observation of cross-sectional associations between fathers' and children's sweet snack intakes at child age 20 months and 5 years is of concern. Also of concern is fathers' sweet snack intake at child age 20 months influencing the increase in children's sweet snack intake between the age of 20 months and both 3·5 years and 5 years. Importantly, the influence of the change to 3·5 years was independent of mothers' intake. It is thought that rapid weight gain in early childhood is an important contributor to childhood weight status (38) and subsequent child/adolescent health (39) . In their longitudinal study of over 230 UK children, Gardner and colleagues measured the weight of participants at birth and at 5 and 9 years of age. They found that most prepubertal weight gain occurs prior to the age of 5 years (38) . Coupled with the established high intakes of nutrient-poor, energy-dense foods in children (1, 2) and the accumulating evidence that the dietary behaviours of young children impact health consequences in later life (5) , our findings suggest that fathers may have an independent impact on this key source of energy-dense snacks during early childhood and that interventions aimed at influencing the establishment of young children's dietary behaviours involving fathers are warranted.
Our investigation was novel in its focus on fathers and young children's dietary relationships. Study strengths were the inclusion of both cross-sectional and longitudinal data, the sampling of fathers across all socio-economic categories, adjustment for maternal intake and the use of three 24 h dietary recalls, which is considered the bestpractice diet data collection method for children. There were some limitations to the study that should also be noted. The number of participants lost to follow-up may have impacted the strength of the current findings. While the characteristics of fathers across all time points remained relatively stable, a larger proportion of participants with a higher education level (at child age 20 months) were retained at child age 5 years, which may limit generalizability. Additionally, while a larger proportion of Australian-born participants were lost to follow-up at child age 5 years, the sample was still majority Australian-born, thus limiting generalizability across different cultures. The sample size may have also limited the sex-specific analysis. Dietary data were self-reported for fathers and proxy-reported for children (by mothers) and may be susceptible to social desirability bias. However, since the focus of the study is the relationship between father and child data, these relationships should still be apparent even in the presence of a biased data collection method such as an FFQ. A potential further limitation relates to the generalizability of these findings involving first-born children to associations between fathers and their subsequent children.
Conclusion
Our results show associations between fathers' and children's fruit and sweet snack intakes at 20 months and 5 years of age. Our results also demonstrate clear associations between fathers' intakes of SSB and sweet snacks and change in infant SSB and sweet snack consumption between 20 months and both 3·5 and 5 years of age. These associations were only mildly attenuated after adjustment for mothers' intake, suggesting an independent effect of fathers' diet on consumption of these foods by their children. This is, to our knowledge, the first time this has been reported in father-child dyads involving children under 5 years of age and adds to the limited literature on the relationship between the diets of children and their fathers. The associations observed in our study demonstrate the potential importance of including fathers in interventions that aim to influence the development of children's diets.
